Excess iron in water resources can lead to health hazards and problems. The ability of lactic acid bacteria to bind iron has not yet been widely studied. In the present study, sorption of iron ions from aqueous solutions onto lactic acid bacterium was determined. Elemental analyses were carried out by inductively coupled plasma optical emission spectrometry. The kinetics of Fe(III) biosorption was investigated at different initial concentrations of metal ion. The highest uptake capacity was found to be 16 mg of Fe (III) per gram of adsorbent with a contact time of 24 hr and at initial metal ion concentration of 34 mg/L. The uptake capacity of Fe(III) ion varied from 83.2 to 46.7% across the range of initial metal ion concentrations.
INTRODUCTION
Iron is one of the most abundant elements on earth. It is also found in drinking water. The drinking water standard for iron is 0.3 milligrams per liter (mg/L). High levels of iron can be fatal and can cause ill-health, besides resulting in bad taste and discoloration (Aryal & Liakopoulou-Kyriakides ) . Overdose can cause severe health problems such as anorexia, diarrhea, diphasic shock, metabolic acidosis and death, vascular congestion of the gastrointestinal tract, brain, spleen and thymus (Aryal & Liakopoulou-Kyriakides ) . The presence of iron in water beyond the WHO limit affects taste/appearance and has adverse effects on domestic use and water supply structures, and promotes iron bacterial growth (Chaurasia et al. ) . Slime causes clogging of pipe lines. Iron may react with tannins present in coffee, tea, and some alcoholic beverages to produce sludge, affecting both the taste and appearance (Dvorak Genomic DNA was extracted from the isolates and amplified by primers derived from 16S rRNA gene (Heilig et al. ) .
The polymerase chain reaction (PCR) amplification was carried out with a reference strain -Lactobacillus plantarum NCDC 400 obtained from the National Collection of Dairy Cultures, Karnal, as a positive control. The amplified PCR products were checked for the presence of desired bands on 1% agarose gel.
Preparation of biomass
The growth medium used for the preparation of LAB biomass was de Man Ragosa and Sharpe (MRS) medium (Adebayotayo & Onilude ) with lactose. The bacterial isolate was inoculated in MRS-lactose broth and incubated for 18 hr at
30
W C. Cells were harvested by centrifugation at 8,000 rpm for 15 min. The cell pellets were washed twice with distilled water before being used for biosorption studies.
Metal solutions
The selected metal for binding assays used in this study was Then, the flasks were sealed and agitated on an orbital shaker with a speed of 150 rpm at 30 W C until equilibrium sorption was reached (24 hr). Negative controls and appropriate blanks were maintained throughout the experiment at the same conditions by dissolving equal amounts of biosorbent in distilled water and to ensure the absence of glassware sorption of metals.
Analysis of iron content
After incubation, samples were taken from the suspension.
The solutions were centrifuged for 10 min at 7,500 rpm to collect the biomass. The supernatant fractions were used for analysis to determine the concentration of the unbound The equilibrium sorption capacity of the biomass at the corresponding equilibrium conditions was determined using the following mass balance equation (Bishnoi et al. ) :
where q e is the amount of adsorbed metal ion per unit weight of the adsorbent (mg/g), C i is the initial concentration of metal ion in solution (mg/L), C e is the equilibrium concentration of metal ion in solution (mg/L), V is the volume of the medium (L), and m is the amount of the biomass used in the adsorption process (g).
The percent biosorption (R%) of metal was evaluated from the following equation:
Isotherm modeling
To examine the relationship between the biosorption capacity of the biomass and adsorbent concentration, two different adsorption isotherm models were used.
For the Langmuir isotherm model, the experimental data were represented in a nonlinear form as (Panday & Banerjee ; Lima et al. ) :
where q e is the amount of metal ion adsorbed per gram of adsorbent (mg/g), C e is the equilibrium concentration of the metal ions (mg/L), q m is the maximum uptake capacity of the biomass (mg/g), and k L is the Langmuir adsorption constant (L/mg). Based on the experimental data, the constants K L and q max are evaluated from the slope and the intercept of the linear plot of 1/q e versus 1/C e .
The affinity of the adsorbent to the adsorbate can be measured by R L (Hall isolation factor) using the following
where C i is the highest initial concentration of the adsorbate (mg/L).
For the Freundlich isotherm model, the experimental data were analyzed based on the following equation (Yilmaz et al. ) :
where K F is a constant between biosorption capacities and n is an experimental parameter between intensity of biosorption which can be evaluated from the linear plot of log q e versus log C e .
Scanning electron microscopy and energy dispersive X-ray microanalysis
The surface morphology of the biomass before and after biosorption were investigated using a scanning electron microscope (SEM) (Carl Zeiss Supra 55 Gemin; German Technology, Jena, Germany). The biomass samples to be analyzed were placed on the sample holder (stub) with carbon tape. In order to increase the electron conduction and to improve the quality of micrographs, a conductive layer of gold palladium was made with portable SC7620 'Mini' sputter coater/glow discharge system (Quorum Technologies Ltd, Laughton, UK) (Michalak et al. ) . Thereafter, the samples were placed in a sample holding vacuum chamber and a voltage of 5 kV was applied. Images were captured by signal SE2 detectors with a working distance of 6.8 mm. The spot sizes varied from 2 μm to 200 nm depending on the applied magnifications. Elemental composition of the biomass before and after metal sorption was determined by energy dispersive X-ray analyzer (EDX, Oxford Instruments) equipped with SEM. The X-ray spectrum of the elements was obtained by the applied acceleration voltage of 16 keV. The mixture was then pressed into a 16 mm diameter mold to prepare translucent sample disks using pressure bench press. The discs were then immediately analyzed within the range of 450-4,000 cm
À1
. The influence of atmospheric water and CO 2 was always subtracted (by analyzing the disks immediately). The obtained FTIR spectra were analyzed using Spectrum 10 version 10.3.06 software.
Statistical analysis
All the experiments were carried out in triplicate. Data from each experiment were analyzed statistically by applying oneway analysis of variance, and differences among the treatments were determined by T-test at p < 0.05.
RESULTS AND DISCUSSION
Isolation and identification of LAB Six isolates which were Gram positive, catalase negative, and curdled milk were subject to LAB group specific PCR.
Isolates showing amplification of 700 bp (Figure 1(a) ) were considered to be LAB. One of the LAB isolates was selected for metal sorption studies. It was also found to have capsules (Figure 1(b) ). 
Isotherm modeling
Equilibrium sorption isotherms represent the distribution of metal ions between the aqueous and the gel phase versus metal concentration. Modeling of equilibrium data is important to characterize biosorbents under various operational conditions and also to evaluate the relationship between adsorbate and adsorbent. A rapid equilibrium is established between unadsorbed metal ions in solution (C e ) and the metal ions adsorbed on the bacterial cell (q e ). Experimental results fitted to a theoretical model enables one to calculate specific descriptive parameters. In the present study, the biosorption potential of LAB biomass was evaluated using two sorption isotherms:
Langmuir isotherm and Freundlich isotherm.
The former model is most frequently used for the biosorption process of heavy metal ions. It is valid for monolayer adsorption on to the surface with a hypothesis that at particular homogenous sites, the biosorption process occurs in the adsorbent. It also compares the performance of different biosorbents. The hypothesis of Freundlich model is heterogeneous adsorption.
The constants of both isotherms (q max , K L , K F , n) were evaluated from corresponding linear plots (Figure 3 (a) and 3(b), and Table 2 ). The maximum adsorption capacity 
SEM-EDX analysis
The surface morphology of the biomass before and after metal biosorption, was investigated using SEM. SEM , which can be attributed to the interaction of the metal ions causing significant stretching of the C-C and C-O bonds. Interestingly, the peak at 1,382 cm À1 corresponding to the C-H group disappeared, suggesting that it is involved in the biosorption process both with Fe(II) and Fe(III) ions. However, the adsorption peaks around 3,289, 2,927, 1,538, 1,234 cm À1 remain 
